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(75)LJ4yKMH riKi LUHtfaHOB A.n; U4yKMH MJl; Ka- 
periHH BT; CasMUKm AJ44 Mace A.M; nyiuKm PM: 
dHftneHKo Ci 

(73yHayMH<W)poH3BOACTBe»K>e npeAnpMRTwe Tpw- 

(56) 1. nareHT <DPr N 1273338. m 62B 60. 
1969 

i naieHT ClUA N 4671474, kti B 64C 
21/06. 1987. 

(54) CnOCOE ynPAB/lEHMfl norPAHHHHbIM 
CnOEM HA ASPOAMHAMMHECKOft nOBEPX- 
HOCTM JlETATEflbHOrO AnnAPATA 

(57) MaoCpeTeHMe othocmtca k aBMauvw, a HMeHKo 
K cnocofiaM yipaaneHKD norpanii'MbiM cnoeM Hd 
aapoAHHaMMMecKOfi noaepxHoaM JTA Uenb h306- 
peremfl - yMeHbUjeHwe aHeprosaTpar ahh ynyn- 
ujeHHA a^pOA^ft^aMvmeoaix xapaKrepHCTMK HA ny* 
TeM OTCOca norpaHHSHoro oyoa 3t6 AOCTMraeTOi 



TeM. WTO B MsaeaHOM cnoco6e ynpaanefW! norpa- 
HM^«biM cnoeM Ha a3poAMHaMM4ecKOM noBepxHoan 
nA» OCHOBaHHOM Ha (IwpMMpoBawM npMCoeA^wcH- 
HblX BMXpefl B INeHKaX B KOpMOBOH MdCTM OOBepX- 

HOCTM nyreM orcoca aosAyxa h3 nonocreH ineeK. b 
npoqecc oicoca CKopoob orSopa B03Ayxa noae- 
neHHO yBenMHHBdioT flo MOMenra nonHoro npMcoe- 
pyk^G^w norpaH^f*K)ro cnon k noBepxHOCTW m 
(}>opM4p6BaHHfl BMxpeM B fNeHfcax. nocne nero 
ypoBeHb orcoca yMeHbtuaiQT ao iittw«4am>Horo. npH 
KOTopoM eme MMeet MecTO 6e3otptmHoe oCieKa- 
noBepxHOcm neTarenbHoro annapaia. An« 
AononHMTe«>Horo yMeHbUjeH*w 3Hepro3aTpaT oica- 

Cbffiae»«>A B03AyX H3 fNe^K 4>0pMKpyKIT B eAHHIAl 

noTOK Mcnonbsyw An« ABwrneHwn aroro noroka 
pea;w30Ba}««>&4 npM eeaojpwBHOM o6TeK»*w rpa- 
AMeKT AaoneHMfl na noBepxHOcm OTcacb®afl 3tmm 

fX)TOKOM C nOMOlAtK) 3)HeKUMM B03AyX M3 fNGGK 

nocneAOBarenbHO. Ha^an c meeK MdKCMManbHO 

npM6jM)«eHHbIX K KOpMOBOil 3 3/1 ({Wlbl 1 
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MaoSpereHMfe qthocmtcw jc aeMauMH, a 
MMeHHO K cnocoSaM ynpaBneHMn norpaHMM- 
HWM c/ioeM M3Me>ieHM« aapoAMHaMMMe- 
CtCMX xapaKTepMCTMK /lA. 

npM oSre.ficaHMM kopmobux nosepxHocTeA. 
9/ieMeHT08 tcoHCTpyccuMM caMo/ieroB m nera- 
Te/ibHux annaparoa Ha 9tmx noaepxHocTRxyc- 
T8HaB/iMBaeTc» no/io)ccMTenbHiii£^ rpaAMeHT 
Aaa/)6Hb4fl 8 HanpaB/ieHMt^ oSreKaHMn. llpMon- 
peAC/ieHHbix ypooH^K aroro nonox^Mre/ibHoro 
rpaAMBHTa AB^nrnm domav ManocxM KMHen^- 
MecKoA SHeprMM noroKa b6/im3M npaepxHocTM 
noTOtc we cnoco5GH pcyme'cTBiifQTb. ABH>xeH(^e 
fipoTMB rpaAMeHTa ABBnenm m OTpuBaeTCfl or 
noeepxHOCTM. Rpw OTpuae or noaepxHocTM 
noTOKa 3HdMMTe/ibH0 BoapacraeT aapoAMKa^ 
MMHecKoe conpoTMB/ieHMB oSTexaeMWK npro- 

KOM a/ieMBHTO© KOHCTpyXUMM, y 

aspoAMHaMMMecKM HecyiiiMx noBepxHocreA 
(Kpu/ibea, KopnycoB) CHMxcaercn noAveMHan 
CM/ia. . ■ ■ - . 

Ann npeAOTBpaiqdHMs orpu&a noroDca m 
y/vywuieHi^^ aappAt^HatwMMdctcMX xapattTep&i- 
CTMK caMo/ierop m /laraTe/ibHbix annaparoa 
npMCTeHOMHbse HMatcocdpTHua cnoM rfoxocta 
OTcacuBa^T, noBtiuia^ t6m caMwiM KMHeiwe- 
CKyK> SHeprnto np^CTOHOMHoro inorocca ero 
cnocoQHocTb npeoAO/ieBaTb QoAbuiMe rpaA^^- 

MaaecTeH cnoco6 ynpaaneHMfl norpaHM^^- 
HbtM c/ioec^, Q ccoTopofi^ orGop BoaAyxa m3 hpM- 
creHOSHOA o6/iacTM ocyLuecTsnsaTca n3 
HopMB/ibHoi^ cc noTotcy Hanpaa/ieHMM nepea 
Buno/iHeHHbse hs noaepxHOCTM onraapcrMfl [1]. 

yctasaHHbi^ cnocoQ mmbot HeAOCTOTOK, 
sataiioMdtoiUviiSteR 0 ero dHdproeMKOCTt^ m-^a 
H6o6x6Ai^f^ocTV9 oteacbiBaTb Go/ibiiJMe Mnvi- 
Mecraa BoaAyxa. 

MaBecTBH cnoco6 ynpaa/ieHMs norpaHM^* 
HUM c/)oeM HB aapoAMHaMMWecKOA noaepxHO- 
CTM /1A c noMOiUbeo o6pa30BaHHbix B 

KOPMOBO^^ MaCTM nOBCpKHOCTM BMX|>eBHX flVe- 

ex, cocTOfituM^^ a OT6ope BoaAyxa m3 mx no/to- 
CTeft[21. 

riocne npMCoeA^HeHMfl norpaHMMHoro 
c/iofl K nosepxHOCTM /lA B flMeC\Kax oSpasyeicfl 

BMXpeBOe AI9M>^6HMfi (n pHCOGAM H 6 H H U A 
BMXpb). KOTOpoe nOAAepxCKBdeTCA 38 CMCT 

aHepmM SHetUHero noroKa m aneprnM mcto4- 
HMKa oTcoca. TaKoe BsawMOAeAcTBHe noroKoa 
oSecneNnaaeT AOCTM>KeHM(9 bwcokmx SHane- 
HMfl CKopocreft b no/ie TeneHMs b6/ih3m o6Te- 
tcacMOft noBepxHOCTM, mto no3BO/i5?eT 
npeoAO/ieBdTb 6e3 orpbtBa 6o/ibLUHe no/ioxw- 
Te/ibHue rpaAweHtw AaB/ieHMA. 

OAHaKO 3<{)(t>eKTHBHOCTb TaKOfO CDQCOSa 

Hwaeca, TBK KaK cucTewa oicoca, pea/iM3yK)ii4afl 
cnoco6. AO/ixcHd QuTb HdcrpoeHa na MdKCM* 
wa/ibHwe CKopocTH /lA a^« HBAexcHoro npnco- 
eAMHeHMP norpaHMWHoro c/iOfl, sto npw Manwx 



cjcopocTHX npMBeAei k Bo/ibuuMw aHeprosarpa- 
raw/ 

3aAa48 M3o5f)eTeHMfl coctomt q paapa- 
6oT.Ke TdKoro cnocb6a ynpaB/ieHHfl norpaHMM- 
5 HbiM c/iOBM, pea/tMaauMii Koroporo na rpeSyer 
6o7ibUJMx aHeprosBTpar AAA SeaorpuBHoro 06* 

TeKaHM59 nOBepXHOCTM. 

3to AOCTMraeTM tbm, mto b msbbcthom 
cnoco5e ynpaB/ieHMfl norpaHMSHUM cnoewi hb 
^0 aapoAMHdM&^MecKoe^ noaepxHOCTw /lA, ocho- 

BdHHOM Ha^OpMMpOBBHMM np{><K:oeAMH6HHb!X 

, BMxpeA B AHeAtcax, o6pa30BaHHbix b kopmoboA 
MacTw noBBpxHocTM. nyretw orGopa B03Ayxja Ma 

nO/IOCT6lS^ IIM6BtC, Q npOMOCCB OTCOCB CtCOpOCTb 

15 orSopa apaAyxa nocTerieHHo yae/iMMMBatOT ao 

MOMBHTa 06pa30BaHMR npMCOeAMHeHHUX BMX* 

pe9i, npw ctOTopoM AOctMraercn no/iHoe npwco- 

. BAMHBMMe nOrpSHMMHOrO CJ10B K nOBepXHOCTM 

/lA, nocne Mero ypoBOHb orcoca yMeHbuistOT 

20 AO MMHMMa/ibHoro, ripw KoropoM eme MMeer 
MBCTO 6e30TpbiBH0@ oSTetcBHMe noaepxHOCTcQ 
iieTdre/ibHoro BrinapaTa. 

Ue/iecoo6pa3HO otcoc npw MMHMMa/ibHux 
ctcoppcTflx pcymecTB/ifiTb^ na pexcwwax axcetc- 

25 ^MOHHO^o drSbpa B03Ayxa M3 «Meetc, ^opMw- 
pyfl A/ifl aroro noA B03Aef^CTBMBM . 
ycxaHOBMBuierocw BO BHcujHeMTeMeHMM no/io-' 
xcMTB/ibHoro rpaAMetiTa Aaa/ieHMfl o6u4mA no* 
TOK nyTBM noc/ieAOBBTenbHoro CMeiueHM^ 

30 3>xeKTMpyeMoro B03Ayxa.M3 HMeeK a Hanpaa;!®- 
HMM OT ICOpMOBOft K pepBot^ «HePiKe. 

Xe/iaie/ibHO b nppMecce orcoca wawe- 

pBTb AdB/ieHMB B KOpMOBOM MdCTM /leTdTe/lbHO- 

ro annapdTd, a s KdMecTae MOMCHTa no/iHoro 
35 npMCoeAMHeHMfl norpaHMviHoro c/ior ct noBep- 

XHOCTM MCnonb30BaTb MOMeHT APCTM)XeHMfl. 
M3MepeHHbSM AdB/ieHMCM MBKCMMa/lbHOA BO- 
/IMMMHW. 

^0 KpOMB TOrO. B03MC)>kH0 B CCaHeCTBC MMHM- 

ManbHoro ypoBHs OTCoca MCno/ibsoaaTb ana- 
, MeHMj? CKopocTeft OT6opa BOSAyxa, npM 

tCOTOpblX HdWVIHdeTCSI CHilXCeWMB AaB/ieHMfl 

npi4 CHMxceHMM ypoBHfl OT6opa. 
^5 YMeHbUjeHMe ypOBHfl OT5opa BOSAyxa ms 
flMeetc noc/ie npMcoeAMHeHMfl norpawMMHOro 
CnOfl n03B0/lfleT CHMSMTb 3Hepro3dTpaTb9. 

OopMMpoBaHwe o6iaero noTOtca aoaAyxa 

8 HdnpaB/IBHMH OT KOpMOBOf^ AHeAKM K HepBOA 

50 no3BO/i«eT McnonbsoBaxb ycraHCBMBiiiM^icR 
npw 6e30TpwBHOM oSreKaHMM rpaAMBHT a3b* 
/leHUfl na noaepxHOCTM. Hotok BosAyxa, OTca- 
CbiBaoMoro or kopmoboA «MeiiKM, oTG^paeT aa 
CMBT sxcetcTopHoro a<t><t)eKTa BOSAyx m3 ApyrMx 

55 flweeK, pacno/iox<eHHux Beepx no noTOKy or 

KOpMOBOt^ flnei^KM M MWeiOUAHX Sonee HM3KMft 

ypoeenb AaaneHMw. MeM a icopMOBofl jmeftice, 
H3o6peTeHMe noACHfilsTCA sepTex^oM, h8 

(COTOPOM M366pa>KeHO TeMBHMe B BHXpeBOt^ 
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ripM BK/IIOHeHMM MCTOHMMKa OT6opa B03Ay- 

xa Hvi3KVi(^ ypoeeHt AaenieHMfl pacnpocipaHn- 
ercfl Ha ro/ioctm 1 ecex evixpeewx pneeic, m 
npoMCxoAMT nepeTeKaHMe BoaAyxana npHcre- 
homho(4 o6/iacTii TCMiSHMfl K MCTOMHMKy 0T6opa. 5 

CxopocTb raaa b norpaHMSHOM c/ioe bos- 
pacraer c soapacjaHMeM ckqpoctm prOopa 
B03Ayxa M3 noAOCreA nqeek. llpM HeKoropoA 
Be/iMMMHe CKopocTH oT6opd BosAyxa norpa- 
HHMHUl^ c/loA npiict)eAiiHfleTcii K nosepxHocTM 10 
/lA, M Ha noBepxHOCTH pea/iMayercA jxasnewAe 

C nO/10)KliTe/1bHtilM rpaA^GHTOM BAb/1b KOpMbl. 

O npMCoeAHHeHHM nprpaHMMHoro c/ipsi k nor 
BepxHOCTM JIA MO^HO cyAHTb, HdnpMMep, no 
M3MeHeHiiio AaB/ieHMft b KopMoaoi^ sacTM. He- 15 
ii3MeHflK>iua5iC5i 6e/iMM(iHa AdB^eH^fl na no- 
eepxHocTM npn yBe/inHeHMM ckopoctm OT6opa 
BoaAyxa caiiAeTe/ibCTByeT o eedOTpuBHOM o6- : 

TeXdHVIH nOBepXHOCTM M BOSHMKHOBeHUM OpH" 

coeAt^HeHHfatx BMxpef^ B 5me()Kax. 20 

iloc/ie npMCoeAMHeHMfl noTOKa ckopoctm- 
OT6opa B03Ayxa yMeHbtuaioT. Hpn 370m MHreHr 
CMBHocTb dT6opa B03Ayxa Mepea 6xoAHoex)T- 
BepcTMe 2 flMe^KH CHMxcaercsi. nocKo/ibKy na 
nepeAHe^) xpoMKO 3 BXOAHoro OTBepcruji aQb- - 25 
/leHMe MeHbiue, mcm na aaAHet^ KpoMxe 4, to 

npM CHMMCeHklH MHTeHCMBHOCTH OT6opa 803Ay~ 

xa npM onpeAe/ieHHOj^ ero BenMMiiHe nonno- 
CTbio np^KpatuaeTcn nocTyn/ieHvie BoaAyxa b 
fiqef^Ky co CTopoHbi kpomkm 3 m npoAO/ixaercfl 30 
CO CTopoHbt aaAHcA KpoMKM 4. Aa/ibHeii^tuee 



CHnxcHne yposHfl orcoca opmbgamt k nHieH- 
CM4)HKauMM UMpKynnuMOHHoro reMenHn 5 b 
flHePiKe (npwcoeA^^HeHHoro SMxpn), noAAepKM- 
BaeMoro nepenaAt^M Aas^eHMR na nepeAne^ m 

aaAHeft KpOMKaX BXCAHOPO OTBepCTMR-WHeilKM. 

ypoBCHb OTcpca yMeHbUiawT ao raKMx mm- 
HMMa/ibHbix 3HaMeHViA CKopocref^ oxGopa bo3- 
Ayxa, npM KOTopux eme. HMeer Mecro 
6e30TpbiBHoe oGreKanMe noBepxHocTH. rip^ 
Hanane ot^ubb noTOKa ypoBenb AdBiieHMn b 
KopMOBbJx TOMKax HasMHaex naAd'f b. 

A''*' Toro, HTo6w yMeHbUJMTb 3Hepro3aT- 
paxbi Ha viCTOMHtiK OT6opa B03Ayxa c'o3Aak)T 

3>KeKUMOHHu£% OTCOC M3 KaMep. A^p 3Toro noA 
AeMCTBMeM no/ioxMTe/ibHoro rpaAweHra Aas- 
7ieHi4n« pea/iM3yeMoro na noBepxHCCTw npM ee 

6eaOTpbtBHOM o6TeKaHMI1, B KOpMOBO^i MdCTVI 

<|>bpMMpyK>T o6u4iij^ noTOK 6 B03Ayxa b nanpaB- 
neuuttA 6t kopmobo(^ k nepeoti wneiiKe. FpaAn- 
eHT AasneHMfl ycKopfler noTOK, m Aas/ieHne na 
BbixoAe 7 M3 wMefiKM naAaet b HanpaB/ienuM or 

KOpMW. ripil 3TOM Ha BXOAB 2 M BWXOAe 7* 

C03AaeTCfl nepenaA A3B/jeHM5?, Heo6xoAMMbift 
A«« 3>KeKt4nn rasa m3 no/iocTn WMefiKii. TaKMM 
o6pa30M BCTynaer b AeAcTBwe axeKunoHHbift 
OTCoc. o6be/^MHflK)mMft otcop V13 Bcex AMeex H 
MCnohb3yioiiiMA pea/maoBaKHbiA na nosepx-; 

HOCTil rpaAMCHT ASB/ieHMfl npM OeaOTpblBHOM 

oeTexaHMM, HTO BeACT K CHM)KeHmo SHeproaaT- 
par Hd OTCoc. 



OopMy/ia M3o6peTeHM« 

1. CnOCOB ynPABJlEHMfl norPAHH4-35 
HbIM CilOEM HA A3P0AHHAMHHECK0I?! 
nOBEPXHOCTM /lETATE/lbHOfO AnRA-/ 
PATA, ocHOBaHHbiA Ha (t^opMHpoBaHiiii npM* 
CoeAMHeHHWx enxpeCi e «MePiKax. oOpasoeaH- 
HWX B kOpMOBOM MaCTM noBepxHocTM, nyTCM^O 
OTcoca BOSAyxa h3 nonocreft sMeeK, OT/WMa- . 
»oiJUk^AcR TCM, MTO B Hpoqecce OTCOCa CKopo- 
CTb OT6opa B03Ayxa nocieneHHO yae/iMMMBat 

K)T AO MOMeHTB 05pa30BaHMfl> 

hpvicoeAMMeHHbix anxpei^, ripw KOTopoM ao 
CTuraercfl rio/iHoe npucoeAMHenne norpa- 
HMMHoro cnofl K noBepxHOCTM '/leTarenbHoro 
annapara, noc/ie nero ypoBenb orcoca 
yMeHbiiiaioT ao MMHMMa/ibHoro. npw kotopom-q 
eme MMeer mbcto 6e30TpwBHoe oereKaHMe 
noBepxHOCTM /leTare/ibHoro annapara. 

2. CnocoS no n.1, 0TnMMaK3iqtii^cfl tbm, 
MTO orcoc npw MMHMManbHbix CKopocTPx ocy- 
ujecTonnioT na 'pe>KMMax axeKunoHHoro pT-55 
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1 66 pa B03 Ayxa m3 sMeeK, <t)opMnpyfl a^a aroro 
noA BoaAeviCTBMeM ycraHOBiiBUjerocii bo 
BHeiiJHeM reMeHMH noAOxwre/ibHoro rpaA^- 
enra AdB/ieHMsi o6iixv^i^ otcacbiBaeMbrPt nbrox. 
^yrcM noc/»eAOBare/ibHoro CMelueHMfl axeK- 
TMpOBaHHoro BOdAyxa M3 AMeeK B HanpdB/ie* 
HMM or icopMOBOiS^ K nepBoA ^met^Ke. 

3. CnocoS no n.l, ot/iMsajOLUMMcn tcm. 
Mro B npouecce orcoca MaMepntor Aaa/ieHHe 
B KOpMOBoA Macm nerare/ibHoro annapara m 
B KanecrBe MOMenra no/iHoro npncoeAHHe- 
HMfl norpaHMMHOfO c/iofl K noBepxHOcrvi mc- 
no/ib3yK>T MpMenr AOCTMxeHMfl M3MepeHHbiM 

AdB/ieHMeM M3KCl1Ma/lbH0l^ Be/IMMVIHU. 

4.. Cnoco6 no hn.l m 3. QT/tMHaKDiUMvicsi. 
reM. HTO B KanecTBe MHHMManbHorp ypoBH« 
orcoca MCnonbsyjpr anaMeHMfi CKopocrei:^ or- 
6opa B03Ayxa, npM Koropux HaMMnaercn chm- 
xeHMe AaB/ieHMR npM CHwxeHUM ypoBHA or- 
6opa. 
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(54) METHOD FOR CONTROLLING BOUNDARY LAYER AT AERODYNAMIC 
SURFACE OF AIRCRAFT 

(57) The invention relates to aviation, namely, to a method for controlling a boundary layer at 
an aerodynamic surface of aircraft. It is an object of the invention to reduce power imputs in 
order to improve aerodynamic characteristics of aircraft by boundary layer suction. This object 
is accomplished by that in the prior art method for controlling a boundary layer at an 
aerodynamic surface of aircraft;, said method being based on generating adjoined vortices 
within cells of an aft part of the surface, the air bleeding process is accompanied by gradual 
increasing an air bleeding velocity till a moment of complete adjoining the boundary layer to 
the surface and generation of vortices in the cells, followed by decreasing the bleeding level to 
minimum at which a separation-less flow of the aircraft surface still takes place. To provide 
additional decrease of power imputs, the sucked air fi-om cells is formed into a single stream 
wherein a pressure gradient realized at the separation-less flow is used to move said stream 
that provides suction of air by ejection from cells sequentially beginning from cells maximally 
closed to an aft cell. 3 dependent claims, 1 Figure. 



